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S1 Appendix. Derivation of invasion fitness
fl(yhxlaa”?)'

In this appendix, we explain how to derive the invasion fitness fi(y1,x1,x2) for a
mutant prey species. When a mutant prey with a different trait y; appears in the
resident predator-prey community, the resident-mutant population dynamics is given

by
dP
e ba(x1 — x2)NP + ba(yy — x2) Ny P — m(a2) P — cP?,
dN
— = r(z1)N — k(N + N )N — a(z1 — 22) NP, (1)
dN,,
7 = r(yl)Nm - k(N + Nm)Nm - a’(yl - ‘T2)Nmpa

where N, is the population density of mutant prey at time ¢. One equilibrium of
model (1) is (P*(x1,22), N*(z1,22),0), where P*(z1,22) and N*(z1,x2) are described
in (4) of main text. It is assumed that mutations occur infrequently, thus just after the
small and rare mutations, the resident and mutant prey and predators are close to the
ecological equilibrium (P*(x1,z2), N*(21,22),0). If this equilibrium is unstable, then
the population density of mutant prey will initially increase, that is to say, the mutant
prey can invade. Therefore, we perform a stability analysis on this equilibrium.

The Jacobian matrix Jy of model (1) evaluated at this equilibrium
(P*(x1,22), N*(21,22),0) is given by

J2 — |: Jres J3 ] ’

0 Jmut
where
3 —cP* (1, 22) ba(x1 — x2)P* (21, 22) T ba(yy — x2) P* (1, 22)
res — 70,(1’1 — I’Q)N*(ilil,xg) 7kN*(I’1,I2) P U8 T 7l€N*(IE17I’2)

0=(0,0) and Jmut = (r(y1) — EN*(21,22) — a(y1 — x2)P*(x1,22)). Because Jy is a
block triangular, and the ecological equilibrium (P*(x1,z2), N*(z1,22)) is globally
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asymptotically stable, that is, the two eigenvalues of J,es have negative real parts, the
stability of equilibrium (P*(x1,z2), N*(z1, z2),0) is determined by the single element
of Jmut, which we define as fi(y1, 21, z2), i.e.,

Sy, x1,22) = r(y1) — kN (21, 22) — a(y1 — x2) P* (21, 22). (2)

We can see that if fi(y1,z1,22) > 0, then the ecological equilibrium

(P*(x1,x2), N*(x1,22),0) is unstable, the population density of mutant prey will
initially increase, i.e., the mutant prey can invade. Therefore, f1(y1,x1,z2) is defined
as the invasion fitness for a mutant prey species.
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